5 A test apparatus and a test method 

- The invention relates to a test apparatus for the checking of the exposure 
quality of an exposed film, in particular of a motion film. The invention 
further relates to a corresponding test method, 

10 

The background of the invention is the evaluation of the quality of expo- 
sure of a photo-chemical film by a film recorder after the film stock origi- 
nally recorded with a cine-camera has been digitized for the purpose of 
subsequent digital treatment (so-called post-production). The digital data 
15 gained on the basis of such a subsequent digital treatment are namely 
used to expose a new original film in a photo-chemical manner by means 
of the film recorder, said original film subsequently serving as a master for 
the production of film copies. 

20 Substantially two different technologies exist for exposure in such a film 
recorder. A so-called CRT (cathode ray tube) recorder has a high- 
resolution monitor, which is fed the new digital data to be recorded via a 
digital / analog converter, and a camera head which images the monitor 
onto a film carrier or onto a photo-chemical film inserted therein. The 

25 three primary colors of red, green and blue are recorded successively by 

means of a filter wheel arranged therebetween. In contrast, with the newer 
exposure principle of a laser recorder, the intensity of the transmitted 
beam of a respective solid-state laser is modulated for the colors red, 
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green and blue by means of acousto -optical modulators; and the beam 
combined from these three part beams is deflected line by line onto the 
film to be exposed via a rotating prism. 

5 The checking of the exposure quality of such a film recorder previously 
took place in a varied and complex manner. To check different geometrical 

* 

and photometrical quality parameters, the exposed film was, for example, 

» 

examined through a special microscope with lOOx magnification as well as 
by means of a densitometer which determines the respective optical den- 
10 sity for the three primary colors. A micro-photometer was additionally 
used for increased spatial resolution. ; 

These known test measures required complex and heavy examination 
instruments as well as highly qualified technical personnel. They admit- 

15 tedly make a quality control possible before the distribution of a newly 

produced film recorder, but a regular inspection, or an inspection required 
during a service, of the exposure quality of a film recorder already sup- 
plied to the user is undesirably complex since all inspection instruments 
required have to be taken to the operational site of the film recorder/ The 

20 previously used test measures also do not easily allow an objective com- 
parison of the respective exposure quality of different film recorders. 

It is therefore an object of the invention to provide a test apparatus for the 
checking of the exposure quality of a film recorder which is easy to oper- 
25 ate, has a simple design and can check standardized quality parameters 
in-order to be able to characterize the exposure properties of the film 
recorder. Furthermore, a corresponding test method should be provided. 
This test apparatus and this test method should in particular be suitable 
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for the checking of the exposure quality of the laser recorder initially 
explained. 

This object is satisfied by the features of claim 1 and in particular by a 
5 test apparatus comprising a test pattern holder to hold a test pattern of 
the exposed film, furthermore comprising a reference pattern which has at 
least one reference mark and which is provided in a superimposed ar- 
rangement with respect to the test pattern held by the test pattern holder, 
furthermore comprising a light transmitter for the lighting of the test 

10 pattern held by the test pattern holder and of the reference pattern super- 
imposed hereby, furthermore comprising a light receiver for the receiving 
of the light transmitted through the reference pattern and through the test 
pattern and comprising an evaluation device for the evaluation of the 
received signals of the light receiver with respect to at least one pre- 

15 determined quality parameter. 

The test apparatus in accordance with the invention therefore has a light 
receiver which records a piece of image information which comes both 
from the test pattern to be examined and from a reference pattern which 

20 has the test pattern superimposed with respect to the light ray path of the 
light transmitter. This reference pattern is provided with one reference 
mark, preferably with a plurality of reference marks, which, on the one 
hand, serve as a basis for the evaluation of the exposure quality of the test 
pattern and, on the other hand, allow conclusions. on the recording quality 

25 of the test apparatus itself. The reference marks, for example, serve as 
reference values for the position or for the exposure intensity of the test 
pattern, or for the inspection of the linearity of the received signals gener- 
ated by the light receiver of the test apparatus. An evaluation of the ex- . 
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posed test pattern can take place particularly easily if it also has a pre- 
determined design and is provided with pre-determined test marks. 

r 

The additional taking into account of a reference pattern having one or 
5 more reference marks allows the examination of the actual test pattern to 
be carried out using digitized received signals since the reference marks 
superimposed on the test pattern form geometrical reference points. The 

evaluation can easily take place automatically, using pre-determined 

* 

quality parameters, by digitizing the received signals. 

10 

The test apparatus in accordance with the invention can be used for the 
evaluation of different geometrical and photometrical quality parameters, 
and nevertheless has a simple and easy design. Complex and heavy ex- 
amination instruments thus do not have to be taken to the operational 
15 site of the respective film recorder in every service case. 

■ 

The test apparatus in accordance with the invention can advantageously 
substantially have the design of a conventional digital scanner which is 
additionally fitted with the explained reference pattern. The test apparatus 

20 can thus be produced in a comparatively cost-favorable manner. Every 

user of a film recorder can thereby easily have their own such test appara- 

— tus in order to check the exposure quality of the film recorder regularly or 
in a special case of need. 

25 A further advantage of the invention lies in the fact that objective quality 

•w * 

criteria can always be checked due to the already known reference marks 
of the reference pattern - that is for repeated measurements at the same 
film recorder or for the evaluation of different film recorders. The test 



5 

method in accordance with the invention can thus serve as a basis for a 
standardized quality check. 

As already mentioned, the actual evaluation of the determined received 
5 signals can also take place automatically on the basis of such standard- 
ized quality criteria so that no specially trained personnel is required for 
the operation of the test apparatus, but instead a standardized test proto- 
col can be prepared "at the touch of a button". 

10 It is of advantage for the reference pattern and the test pattern received in 
the test pattern holder always. to adopt the same pre-determined relative 
position to one another. It is thereby namely ensured that every reference 
mark of the reference pattern always has the same relative arrangement to 
the test pattern or to the test marks present thereon. Geometrical quality 

15 parameters can thereby be checked especially well. 

♦ 

1 It is, for example, possible for the test pattern holder to be provided with 
at least two blocking grip pins or holder pins by which the test pattern - or 
the reference pattern, or both- is/are fixed in a precisely pre-determined 

20 position relative to the test pattern holder. This type of precise positional 
fixing is of advantage because it also corresponds to the type of fixing of 
; the test pattern or of the corresponding film tape during the prior expo- 
sure in the film recorder. 

25 In another respect, it is preferred for the reference pattern also to be 
arranged in a fixed orientation relative to the test pattern holder. It is 
thereby also ensured for a plurality of successive measurements that the 
reference marks always adopt the same position. Instead of, or in addition 
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to, the already mentioned positional fixing of the reference pattern by 
blocking grip pins, said reference pattern can also be permanently fas- 
tened, for example bonded, to the test pattern holder. The reference pat- 
... tern does not, however, have to be fastened directly onto or in the test 

i 

5 pattern holder, but can also be arranged at another position along the 
light ray path between the light transmitter and the light receiver. 

Alternatively to the explained fixed relative arrangement of the test pattern 
and of the reference pattern, a mathematical allocation of the relative 
10 position can also be provided, for example in that the usually present 
perforations of the test pattern or of the corresponding film tape are 
sensed by the light receiver and are also evaluated. 

The explained reference mark is, for example, attached to the surface of a 
15 transparent plate. The reference pattern is preferably formed by a glass 
pane onto which one or more reference marks have been vapor deposited. 

At least one, preferably three or four, positional markings can be provided 
as the reference mark, for example in the form of reference crosses. Such 
20 positional markings correspond, for example, to the corner points or other 
test marks of the test pattern and they allow a check of the precise posi- 
tion,- of the orientation or of a possible displacement of the test pattern. 

Alternatively or additionally, a gray scale pattern of a plurality of gray 
25 scales can be provided. Such a gray scale pattern makes a matching of the 
color space of the light receiver used to the color space of a standardized 
densitometer possible for the photometric checks. 
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Furthermore, alternatively or additionally, at lea.st one reference edge can 
be provided as a reference mark which has a spatially higher resolution 
than the resolution of the light received used. The spatial resolution of this 
reference edge is preferably substantially higher, for example by four 
5 orders of magnitude. Such a reference edge as a reference mark allows the 
determination of the modulation transfer function of the test apparatus, 
namely in that the deviations from a uniform distribution of the Fourier- 
transformed frequencies are determined using the identified received 
signals. 

10 • . 

Moreover, alternatively or additionally, a homogeneous gray value range 
can be provided, for example a value of 50% gray. Such a gray value range 
makes the check of the illumination homogeneity of the light transmitter 
used possible. - 

15 

> 

It is particularly advantageous for the test pattern also always to be ex- 
posed in accordance with a standardized pattern. The received signals, 
which come form the already known reference marks of the reference 
pattern, can thereby be put in a fixed relationship to the design of the test 
20 pattern. 

One or more test marks are preferably provided at the test pattern which - 
alone or in combination with a reference mark of the superimposed refer- 
ence pattern - allow the evaluation of a quality parameter of the exposure. 
25 For example, such a test mark of a standard test pattern can be a test 

edge for the examination of the optical modulation transfer function of the 
film recorder, a geometrical pattern for the subjective evaluation of the 
resolution boundary, a gray scale pattern for the measurement of the 
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photometric calibration, a color pattern for the evaluation of the color 
rendering, a bar pattern for the check of the scattered light distribution, a 
gray value gradient for the check of the linearity, for an image position 
marking and/ or a test pattern for the convergence evaluation. 

» ■ • 

5 

The said task is furthermore satisfied by a test method having the features 
of claim 22 and in particular by a test method in which a test pattern of 
the exposed film and a reference pattern, which has at least one reference 
mark, are superimposed on one another; in which furthermore the ar- 

10 rangement of the test pattern and of the reference pattern superimposed 
herewith is illuminated, the light transmitted through the test pattern and 
through the reference pattern is furthermore converted into electrical 
received signals and the received signals are evaluated with respect to at 
least one quality parameter, with this test method in particular being 

15 further developed in accordance with the function of the explained test 
apparatus. 

t 

Finally, the invention also relates to the use of a digital scanner, in par- 
ticular of a conventional digital scanner in whose light ray path a refer- 
20 ence pattern with at least one reference mark is arranged for the checking 
of the exposure quality of an exposed film in the explained manner. 

i 

Further embodiments of the invention are recited in the dependent claims. 

25 The invention will be explained in the following by way of example with 
reference to the drawings; there are shown in these: 

Fig. 1 the schematic design of a test apparatus; 



9 



Fig. 2 a part of a test pattern holder; 

Fig. 3 a reference pattern; and 

5 

Fig. 4 a test pattern. 

..i 

Fig. 1 shows the basic design of a test apparatus. It has a light transmitter 
11, for example a light bulb, with an optical' transmitter system (not 
10 shown in Fig. 1) which effects a homogeneous distribution of the transmit- 
ted light. 

A frame-like test pattern holder 13 is arranged in the transmission direc- 
tion of the light transmitter 1 1 and surrounds a reference pattern 17, as 
15 will be explained in the following. 

An optical receiver system (not shown in Fig. 1) and a light receiver . 19 are 
disposed after the test pattern holder 13 with respect to the transmission 
direction of the light transmitter 11, said light receiver 19 serving for the 
20 reception of the light transmitted by the light transmitter 1 1 in the direc- 
tion of the light receiver 19 and transmitted through the test pattern 
. holder 13 or through the test pattern. 15 and reference pattern 17 held 
hereby. 

25 The light receiver 19 is made as a tri-linear sensor with three linear sen- 
sors (CCDs), with these linear sensors being provided with a red filter, a 
green filter and a blue filter. The light receiver 19 can be moved perpen- 
dicular to the transmission direction of the light transmitter 11 and thus 
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parallel to the surface of the test pattern holder 13 via a linear drive with a 
step motor (not shown in Fig. 1) in order to scan the light transmitted by 
the test pattern 15 and by the reference pattern 17, with each of the three 
said linear sensors detecting a plurality of linearly arranged picture ele- 
5 ments. 

The light receiver 19 is connected to a control and evaluation unit 21 
which controls the said linear drive for the movement of the light receiver 
19 and evaluates the received signals generated by the light receiver 19, as 
10 will be explained in the following. The control and evaluation unit 21 can, 
for example, have an analog/ digital converter for the digitizing of the 
received signals as well as a microprocessor. 

Fig. 2 shows a frame-like lower part 23 of the test pattern holder 13. It has 
15 . a central, rectangular window section 25 which is surrounded by a frame- 
like recess 27 for the reception of the test pattern 15 and of the reference 
pattern 17. Two projecting blocking grip pins 29 are arranged inside the. , 
recess 27 and allow a precise positional fixing of the test pattern 15 and of 
the reference pattern 17 within the recess 27. 

20 

< ■ 

The test pattern holder 13 in accordance with Fig. 1 furthermore has an 

upper part. (not. shown in the Figures) which is complementary to the 

lower part 23 and can be brought into a flush position with this in order to 
enclose the test pattern 15 and the reference pattern 17 received in the 
25 recess 27. ' * 

Fig. 3 shows a possible design of the reference pattern 17. This is made as 
a glass pane which is provided with reference marks and is otherwise 
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transparent. The reference pattern 17 has two bores 31 into which the 
blocking grip pins 29 engage when the reference pattern 17 is placed into 
the recess 27 of the test pattern holder 13. The reference pattern 17 is 
preferably permanently adhesively bonded in the test pattern holder 13.. 

5 

The already named reference marks are vapor deposited on the glass 
pane. Four reference crosses 33 with a line thickness of 0.01 mm are 
provided a,s geometrical reference marks and serve as positional markings. 
Furthermore, a gray scale pattern 35 is provided with a linear arrange - 
10 ment of a plurality of gray values, preferably twenty-one fields of different 
gray values. Furthermore, two edge patterns 37 are provided with highly 
resolved edges in a vertical and horizontal orientation.. The reference 
pattern 17 is moreover provided with two homogeneity measuring fields 39 
which each have a homogeneous gray value of 50% gray. 

15 

Fig. 4 shows a possible design of a test pattern 15 which is exposed in 
accordance with a standard pattern, has a plurality of test marks and is 
otherwise transparent. The test pattern 15 has a plurality of side feed 
bores 41, with two bores 41' in turn serving for the reception of the block- 
20 ing grip pins 29 when the test pattern 15 is inserted into the recess 27 of 
the test pattern holder 13. 

There are provided as test marks on the test pattern 15: four test crosses 
43 which serve as positional markings; an edge pattern 45 with horizontal 
25 and vertical test edges, each separated according to the primary colors 

red, green and blue; an RMS measuring field 47 with horizontal and verti- 
cal rectangular patterns of different line thicknesses, separated according 
to red, green and blue; a gray scale pattern 49 with a plurality of equidis- 
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tant gray value fields, for example, twenty-one; a color space conversion 
measuring field 51 with different color ranges in a standard arrangement 
(Macbeth Colorchecker); a scattered light test bar 53; an - ideally homoge- 
neously exposed - homogeneity measuring field 55; and an exposure 
5 linearity measuring field 57 which has a step-less gray value gradient in 
each case for red, green and blue. 

The test apparatus explained with reference to the Figures serves for the 

> 

checking of the exposure quality of a film exposed by means of a digital 
10 film recorder in accordance with the following method: 

First, a film is exposed by means of the film recorder to be checked in 
accordance with a standard pattern in order to produce the test pattern 
15 shown in Fig. 4. The generation of this test pattern 15 can take place in 
15 an advantageously simple manner in that the standard pattern is perma- 
nently stored in digital form in the film recorder and can be called up "at 
the touch of a button" or by a corresponding activation of the control 
software of the film recorder for the exposure of the film. 

20 Then a part of the exposed film, namely the test pattern 15 is inserted into 
the lower part 23 of the test pattern holder 13 shown in Fig. 2. Previously, 
the test pattern holder 13 has already been provided with the reference 
pattern 17 shown in Fig. 3, namely in that the latter has been inserted 
into the lower part 23 such that the blocking grip pins 29 engage into the 

25 bores 31 of the reference pattern 17 with lateral clearance. The reference 
pattern 17 inserted in this manner has then been fixed to the lower part 
by adhesive bonding and indeed while being observed under a microscope 
to ensure that the reference pattern 17 exactly adopts a pre-determined 
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position relative to the blocking grip pins 29 inside the test pattern holder 
. 13. If a subsequent measurement after the final fixing of the reference 
pattern 17 nevertheless shows a positional deviation from the desired 
value, this deviation can also be taken into account mathematically as an 
5 offset in the evaluation described in the following. 

m' 

The blocking grip pins 29 engage without clearance into the bores 41' of 
the test pattern 15 which has been inserted into the test pattern holder 13 
prepared in this manner. The position of the test pattern 15 is thereby 
10 exactly pre-determined with respect to the test pattern holder 13 - and 
thus also with respect to the reference pattern 17. 

The lower part 23 is then provided with the explained upper part such 

.■I 

that the test pattern 15 is captured inside the test pattern holder 13. 

15 

The test pattern holder 13 is subsequently introduced into the transmitted 
light ray path between the light transmitter 1 1 and the light receiver 19 of 
the test apparatus, as shown in Fig. 1. 

20 Then the arrangement of the reference pattern 17 and of the test pattern 
superimposed with it is scanned line by line by means of the linearly 
moved light, receiver 19 and the received signals determined by the light 
receiver 19 are forwarded to the control and evaluation device 21. There, 
they are digitized and evaluated with respect to different pre-determined 

25 quality parameters. 

This evaluation can, for example, include the following examination meas- 
ures: 
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By a comparison of the position of the reference crosses 33 of the refer- 
ence pattern 17 with the position of the test crosses 43 of the test pattern 
15, positional and orientation errors can be identified which supply a 
5 statement on the freedom from distortion of the optical exposure system of 
the film recorder used and on the positional precision of the film tape 
during the exposure in the film recorder. 

In that the reference crosses 33 can be compared with test crosses 43 of 
10 different colors, possible dispersive aberrations of the optical exposure 

system and of the exposure system of the film recorder can furthermore be 

-« 

recognized which can result from insufficient convergence of the exposure 
rays of the film recorder used corresponding to the primary colors red, 
green blue. 

15 

The photometric calibration of the film recorder used for the exposure can 
be checked on the basis of the gray scale pattern 49 of the test pattern 15. 
This check can be based on a determination of the linearity behavior of the 
light receiver 19 using the ideal gray scale pattern 35 of the reference 
20 pattern 17 in order to take any deviations from an ideally linear image 
conversion inside the test apparatus into account. 

The optical modulation transfer function (MTF) of the film recorder, in 
particular of the solid-state laser used herein, can be determined in each 
25 case with reference to the edge pattern 45 of the test pattern 15 for the 
colors red, green and blue. The modulation transfer function of the test 
apparatus can also be taken into account in this determination, namely in 
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that it is determined with reference to the high resolution edge pattern 37 
of the reference pattern 17. 

As a further quality parameter, the homogeneity of the exposure inside the 
5 film recorder used can be checked by observing the homogeneity measur- 
ing field 55 of the test pattern 15. The illumination and conversion homo- 
geneity of the test apparatus can also be verified and taken into account 
here using the ideally uniform homogeneity measuring field 39 of the 
reference pattern 17. 
10 

The examination of the scattered light test bar 53 of the test pattern 15 
and of the environment of this scattered light test bar 53 allows a state- 
merit on the occurrence of scattered light during the film exposure inside 
the film recorder used. For this purpose, the scattered light test bar 53 is 

15 exposed parallel to the direction of recording of the film recorder used with 
a pre-determined gray value - for example 50% gray - and is surrounded 
on the one side by a bar at maximum exposure and on the other side by 
an ideally unexposed bar. The spatial distribution of the scattered light 
which has been generated inside the otherwise unexposed neighboring bar 

20 in the recording of the middle gray value bar can be determined by a 
measurement of the actual exposure profile perpendicular to this bar 

pattern and by the forming of a difference between the measured maxi- 
mum exposure value and the measured "Schleierbelichtung", i.e. a uni- 
form small darkening of photographic images caused by a small diffuse 

25 exposure of the photographic material arising from auxiliary light sources. 
The integral over the scattered light distribution can, for example, be used 

, ■ j 

r 

as a quality parameter for this scattered light generation. 



16 

Furthermore, the noise and the signal to noise ratio of the exposure in the 
film recorder can be determined. For this purpose, the RMS measuring 
field 47 of the test pattern 15 is examined which consists of a plurality of 
areas each of the same size (for example 8 x 8 picture elements) which are 
5 exposed at a pre-determined medium exposure value for each color. 

Furthermore, an inspection of the exposure linearity measuring field 57 of 
the test pattern allows the determination of the characteristic lines of the 
acousto-optical modulators used in a laser film recorder for the modula- 
10 tion of the red, green and blue laser light. 

Finally, the color space conversion of scanner densities in status M densi- 
ties can be calculated using the color space conversion measuring field 51 
of the test pattern 15. 

15 

With respect to the explained signal evaluation, it must still be noted that 
any desired selection of the said inspection measures can also only be 
used. It is likewise possible only to provide a selection or a single one of 
the explained reference marks 33, 35, 37, 39 at the reference pattern 17. 

20 The explained test marks 43, 45, 57, 49, 51, 53, 55, 57 are naturally also 
not all absolutely necessary; instead, the test pattern 15 can also only be 
provided with a selection or with a ..single one of these test marks. The 
evaluation of a test pattern 15 is basically also possible without test 
marks, for example in that the position of the reference crosses 33 of the 

25 reference pattern 17 is compared with the position of the marginal regions 
of the exposed area of the test pattern 15 or with the position of the feed 
bores 41 of the test pattern 15. 
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With respect to the explained test apparatus, it must still be noted that 
the scanning of the test pattern 15 and of the reference pattern 17 does 
not necessarily have to take place in a linear mariner, but can also take 
place, for example sequentially, picture element by picture element, or 
5 parallel for all picture elements. 

Moreover, it must be noted that a conventional digital scanner which is 

* ■ 

provided with a reference pattern 17 of the explained type can also be 
used for the production of the explained test apparatus. In this case, it is 
10 of particular advantage for the test pattern holder 13 to be; made in the 
form of a transparency holder such that the test pattern holder 13 can be 
inserted with the test pattern 15 and with the reference pattern 17 into 
the usually present transparency feed in a simple manner. 

* 

15 As used herein the term "superimposition" is used to mean that the refer- 
ence pattern is placed either in front of or behind the test pattern with 
respect to the transmitted light. 
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Reference numeral list 



1 1 light transmitter 

13 test pattern holder 

5 15 test pattern 

17 reference pattern 

19 light receiver 

21 . control and evaluation device 

23 lower part 

10 25 window section 

27 recess 

29 * blocking grip pin 

31 bore 

33 reference cross 
15 35 . gray scale pattern 

37 edge pattern 

39 homogeneity measuring field 

41,41' feed bore 

43 test cross 

20 45 edge pattern 

47 RMS measuring field 
. 49 .. ... gray scale pattern 

51 color space conversion measuring field 

53 scattered light test bar 

25 55 homogeneity measuring field 

57 exposure linearity measuring field 



